Abstract: A spontaneous ameloblastic fibroma was found in a 9-week-old guinea pig. Histopathologically, neoplastic cells consisted of two components: an odontogenic epithelium and odontogenic mesenchyme. The odontogenic epithelium formed strands, nests and islands that were interspersed within the odontogenic mesenchyme. In the marginal region, odontoblasts and scant dysplastic eosinophilic material were seen between these two components. Immunohistochemically, the odontogenic epithelium was positive for cytokeratin AE1/AE3, and the odontogenic mesenchyme and odontoblast were positive for vimentin, in the same manner as in the normal tooth germ (control). We could not obtain conclusive data suggesting that the eosinophilic material was dental hard tissue because the eosinophilic material was not stained specifically by any methods. Based on these histological characteristics, the tumor in the present case was diagnosed as an ameloblastic fibroma. This is the first report of ameloblastic fibroma in guinea pigs.
An ameloblastic fibroma is a rare odontogenic tumor consisting of both odontogenic epithelial and mesenchymal components. Histologically, this tumor is primarily composed of a compact, loose, collagen-poor and primitive stroma resembling dental pulp. The characteristic features include interconnected cords and sheets of odontogenic epithelium, which sometimes resembles a less differentiated enamel organ epithelium 1 . In the field of veterinary pathology, ameloblastic fibroma is the most common odontogenic neoplasm in cattle 2 but is rare in other species. In laboratory animals, odontogenic tumors are also rarely encountered but may be induced by carcinogens 3 . There is a case report of an ameloblastic fibroma-like lesion in rats. However, the lesion was experimentally induced by aflatoxin 4 . To the best of our knowledge, no report has been published on odontogenic tumors in guinea pigs. In the present study, we report the first case of spontaneous ameloblastic fibroma in guinea pigs and describe its histological and immunohistochemical features.
A 4-week-old male Hartley guinea pig was purchased from Japan SLC Inc. (Shizuoka, Japan) for a toxicity study. The animal protocol was reviewed and approved by the Institutional Animal Care and Ethics Committee of Otsuka Pharmaceutical Factory. The tumor was firstly noticed as a small intraoral nodule on the maxilla when the animal was 7 weeks old, and it then rapidly became larger. The animal was euthanized and necropsied at 9 weeks due to feeding disorder. On macroscopic examination, the tumor was a spherical mass that was 2 cm in diameter and protruded from the upper incisor in the oral cavity (Fig. 1) . The surface was rough and dark red to brown with hemorrhage. After fixation, the cut surface of the tumor was mottled pale yellow and dark red in color. No other remarkable changes were noted at necropsy.
Tissue samples of the tumor were fixed in 10% neutral phosphate buffered formalin, decalcified in 5% formic acid solution and processed by routine methods. The samples were then embedded in paraffin, cut to 5 μm and stained with hematoxylin and eosin for histopathological examination. Undecalcified samples were stained with Congo red stain for amyloid, and calcified tissue was stained with Von Kossa stain. In addition, for immunohistochemical staining, endogenous peroxidase was blocked in deparaffinized sections by incubation in 3% H 2 O 2 for 10 minutes. The primary antibodies used were cytokeratin AE1/AE3 (mouse monoclonal, 1:2500, Dako, Japan), vimentin V9 (mouse monoclonal, 1:2500, Dako, Japan) and amelogenin (rabbit polyclonal, 1:5000, Hokudo, Sapporo, Japan). All sections were incubated with these primary antibodies at 4°C overnight and then incubated with an EnVision system (EnVision TM + System-HRP labelled polymer, Dako, Japan) for 30 minutes at room temperature. Visualization was performed with DAB, and the samples were counterstained lightly with hematoxylin. As a control section, the tooth germ tissue from a normal guinea pig fetus (gestational age was 45 to 49 days, SLC:Hartley, Japan SLC Inc.) was used. Histologically, the tumor was not encapsulated and showed a biphasic growth pattern in areas of epithelial and mesenchymal components. The epithelium formed strands, nests and islands that were interspersed within the loose mesenchymal tissue resembling dental pulp ( Fig. 2A) . In epithelial components, cuboidal or columnar ameloblastlike cells were palisaded marginally, whereas central cells were connected loosely by long intercellular bridges that resembled the enamel organ. The nucleus was located at the apical pole of the palisaded cells. Although mitosis was often seen, cellular atypia was less dominant (Fig. 2B) . Mesenchymal components consisted of immature fibrous tissues comprising poorly differentiated spindle or stellate cells. Furthermore, many mitotic figures, nuclear atypia and pleomorphism were seen (Fig. 2C) . Focally, the invasion into the existing maxilla (Fig. 2D ) and secondary reactive ossification were seen. Collagen production was not observed. In the margin of the tumor, odontoblast-like cells arranged themselves between the ameloblast and dental pulp. Dysplastic eosinophilic material with partial calcification formed on the odontoblast-like cells (Fig. 2E, arrow) .
Immunohistochemically, the epithelial component of the tumor was stained positive for cytokeratin AE1/AE3 (Fig. 2F) . Also, the ameloblast and enamel organ in normal fetal teeth were positive.
For vimentin, the cytoplasm of the mesenchymal component and odontoblast-like cells was intensely positive (Fig.   2G ). Also positive were the dental pulp and odontoblast in normal fetal teeth (Table 1) . These results indicate that the epithelial components originated from the odontogenic epithelium and that the mesenchymal components originated from the odontogenic mesenchyme. The eosinophilic material was negative for Congo red staining. However, only the calcified part was positive with Kossa stain (Fig. 2H) . In the normal fetal tooth, the dentin and enamel matrix were positive, whereas the predentin was negative. There was no labeling for amelogenin antibody on the eosinophilic material, but the enamel matrix in the normal fetal tooth was positive.
In mammals, tooth development is regulated by interactions between the epithelial and underlying mesenchymal tissues 5 . The first morphological sign of tooth development is the formation of the dental lamina, a thickening of the oral epithelium. Subsequently, the dental lamina grows into the underlying mesenchyme of the first branchial arch, forming epithelial buds (bud stage). During this process, mesenchymal cells accumulate around the buds and form the dental papilla, which later gives rise to the dental pulp and dentin, secreting odontoblasts. After the bud stage, the epithelial compartment eventually gives rise to ameloblasts that deposit enamel 6 . Ameloblasts do not become secretory until odontoblasts lay down a thin layer of predentin and start to mineralize 7 . Amelogenin, named by Eastoe (1965), is an enamel protein that contains high concentrations of proline, glutamine, leucine and histidine, which are synthesized and secreted from ameloblasts 8 . Amelogenin accounts for 90% of the enamel matrix constituents 9 . In our study, the dysplastic eosinophilic material was negative for amelogenin and only partly positive for Kossa stain. These stain results suggest the possibility that the eosinophilic material was not an enamel matrix but predentinlike and dentin-like materials. However, we could not make a definitive conclusion because there was no specific result of staining indicative of predentin and dentin.
In the WHO histological classification of odontogenic tumors 1 , tumors of the odontogenic epithelium with an odontogenic mesenchyme are categorized into 5 types. In this classification, ameloblastic fibroma is defined as a tumor whose structure includes both the epithelial and mesenchymal components, whereas ameloblastic fibro-odontoma additionally contains deposition of the dentin matrix or enamel matrix. In our study, the histological figures showed biphasic neoplasia in the odontogenic epithelium and odontogenic mesenchyme. However, dentinoid (hard tissue) formation was relatively scanty in the entire mass. Therefore, we diagnosed this tumor as an ameloblastic fibroma with dentinoid formation, ruling out ameloblastic fibro-odontoma.
There is one malignant case report of an odontogenic tumor in a dog that metastasized to multiple distal organs 10 . However, no distinction between benign and malignant tumor has been made in this classification.
According to the human histological classification 11 , odontogenic tumors are well subdivided into several groups based on the degree of odontogenesis and stage of dental hard tissue formation. Benign and malignant criteria are also included in the classification. If the epithelial component, odontogenic mesenchyme and dysplastic dentin are found, ameloblastic fibro-dentinoma (AFD) is diagnosed. Furthermore, ameloblastic fibro-dentinosarcoma (AFDS) is known as the malignant counterpart of AFD. Histologically, AFDS shows a benign epithelial component and a malignant mesenchymal component. The mesenchymal component displaying mitotically active cells surrounds the epithelial component. Additionally, an AFDS is a highly locally aggressive tumor. Based on these characteristics, this tumor may be diagnosed as AFDS, assuming that a specific result indicative of hard tissues is obtained.
In conclusion, on the basis of morphological and immunohistochemical characteristics, the tumor that developed in a guinea pig in our facility was diagnosed as an ameloblastic fibroma with dentinoid formation. To the best of our knowledge, ameloblastic fibroma is rare in rodents, and no study on ameloblastic fibroma in guinea pigs has been reported. Our study is the first case report of ameloblastic fibroma in guinea pigs. We hope that this report will contribute to the classification of this uncommon tumor in rodents. CK AE1/AE3  +  ---+  +  ---Vimentin  -++  ++  ---+  +  -Amelogenin  --------+ CK AE1/AE3, cytokeratin AE1/AE3. -, negative; +, positive; ++, strongly positive.
